This paper is an attempt to measure the relative efficiency of textile processing units in Pakistan using the data envelopment technique. This technique includes measurement of the relative efficiency of any production unit or decision making unit (DMU) that uses multiple inputs and generates multiple outputs, including undesirable outputs (pollutants). The efficiency scores determine the relative efficiency of firms in realising their efforts towards cleaner production and abatement of wastewater pollution discharged into water bodies. A large number of inefficient firms (as found here) implies that pollution control is far from satisfactory.
The following Section 2 provides a brief literature review of the various models and efficiency measurements usually based on the assumption that inputs have to be minimised and outputs have to be maximised. Over the last few years, in a growing number of applications, undesirable outputs (need to be minimised) which are jointly produced with the desirable outputs are incorporated into the production model. The review is followed by Section 3 which is a brief description of methodology of Data Envelopment Analysis (DEA) and its application to textile producing units in Pakistan adopted in this paper. Next, Section 4 deals with the data used in this work and estimation of firms' efficiency scores followed by conclusions in the last Section 5.
LITERATURE REVIEW ON DEA AND MODELS WITH UNDESIRABLE OUTPUTS
Data envelopment analysis is a relatively new 'data oriented', non-parametric method of relative efficiency measurement of decision making units (DMUs) which produce multiple desirable and undesirable (pollution) outputs using multiple inputs. DEA uses linear programming to evaluate the relative efficiencies and inefficiencies of peer DMUs. DEA's empirical orientation and absence of a priori assumptions have resulted in its use in a number of studies involving efficient frontier estimation. DEA has been applied to a wide range of contexts such as education, health care, transportation and manufacturing [Coelli, et al. (2005) ]. Farrell (1957) first developed the basic ideas in DEA and applied to empirical data in an attempt to correct deficiencies in productivity indices, leading to the replacement of the concept of productivity with the more general concept of 'relative efficiency'. Building on the evaluation of individual firms by Farrell, a non-parametric method was developed by Rhodes (1978, 1981) as DEA. It is basically the extension of single-input and single-output efficiency analysis to multi-input and multioutput situations. Compared to the parametric approach, DEA has no assumptions about functional form. Efficiency of a DMU is determined by relative efficiency scores of other DMUs that lie on or below the efficient frontier. In general terms, DEA is a methodology which is therefore directed to frontiers rather than central tendencies. Charnes, et al. (1978) , proposed an input oriented mathematical programming DEA model which assumed constant returns to scale. This DEA has since been widely used to measure the performance of various kinds of DMUs. In contrast, Banker, Charnes, and Cooper (1984) developed an output-oriented DEA model, which measures radial efficiency of DMUs, simultaneously constructs the best practice frontier, characterises its shape, assumes variable return to scale and provides a performance evaluation for every observation in the sample. Classical DEA models, such as in Charnes, et al. (1994) , primarily assume that inputs have to be minimised and outputs have to be maximised. However, in a seminal work Koopmans (1951) had already identified smoke pollution and waste as undesirable outputs generated in the production process that need to be minimised. Fare, et al. (1989) implemented the non-parametric approach on a 1976 data set of 30 US mills which use wood pulp and three other inputs in order to produce paper but also four pollutants. Their results exhibit that the performance rankings of DMUs turned out to be very sensitive to whether the undesirable outputs were included. Other studies show similar results [e.g. Pittman (1983) ; Tyteca (1996 Tyteca ( , 1997 ]. Fare, et al. (1996) presented an environmental performance indicator by decomposing overall productivity into an environmental index and a productive efficiency index. They assumed weak disposability for undesirable outputs and used DEA modeling techniques developed previously by Fare, et al. (1989) . Two data sets were examined using these models for US fossil fuel-fired electric utilities. The ranking of utilities identified using the new model was significantly different to rankings from the traditional model, suggesting that traditional DEA models might not be reliable. As DMUs are responsible for the joint production of bad outputs along with desirable outputs, it makes sense to credit a DMU for its provision of desirable output and to penalise it for its production of emissions when evaluating its performance. Sieford and Thrall (1990) reviewed the various advantages of non-parametric approaches (including DEA) over parametric approaches. One of the significant benefits of non-parametric approaches is the robustness of linear programming methods used to solve DEA problems. Also additional information and new insights with respect to traditional econometric methods are provided by DEA models. Charnes and Cooper (1985) also indicate that another advantage is the feasibility to include an environmental variable in a DEA-based production model which is neither an economic resource nor a product, but a by-product. Since DEA has proven useful for modelling operational processes for performance evaluation, there are a number of DEA spread sheet models e.g. Zhu (2002) that can be used in performance evaluation of DMUs and benchmarking.
In the framework of DEA, Scheel (2001) adopted various approaches to deal with undesirable outputs which have to be minimised. Seiford and Zhu (2002) have shown that standard DEA model can be used to improve the performance of polluting firms by increasing the desirable outputs and decreasing the undesirable outputs. In recent years, reflection of undesirable outputs in the production process and modelling for efficiency/performance measurement has steadily grown. As emphasised by James (1994) , 'environmental performance measurement is here to stay but is still in its early stages', and it is evident that 15 years later James's statement remains valid. Moreover, James and Bennett (1994) indicated that, 'The scale of the challenge is such that even the simplest measures are better than none at all. Immediate actions of almost any kind can signal a serious intent to the world, make some reduction of environmental impacts, reduce the risk of negative reactions by regulators, customers and other stakeholders and provide a platform for further action. The over-riding necessity is to begin the process of using business environ metrics to encourage continuous improvement of corporate environmental performance'. In the present study, a data envelopment analysis method as developed in Sieford and Zhu (2002) is applied to the textile processing firms in Pakistan, in order to determine their relative efficiency by modelling undesirable factors (BOD5, COD) in efficiency evaluation.
DATA ENVELOPMENT ANALYSIS (DEA)
DEA entails the use of linear programming methods to build a non-parametric piecewise surface over the data to estimate efficiency measures relative to this surface, the efficient technology or production frontier. The technical efficiency scores of each firm or decision making unit (DMU) relative to the best observed practice can be obtained by applying DEA techniques.
Modelling Undesirable Outputs in the Efficiency Valuations
Using DEA Framework
The DEA frame work has conventionally been applied with the implicit assumption that efficient production provides increase in outputs with increased inputs. In reality this assumption may not hold, although an increase in inputs subsequently provides increased output, efficiency may not necessarily be established due to undesirable by-products. In textile processing, fabric is produced which is marketable output and water polluting factors like BOD and COD are its by-products which need to be reduced to increase the performance of DMU. Tyteca (1997) used models of US fossil fuel-fired electric utilities to obtain the best practice frontier of utilities or DMUs exhibiting the best environmental behaviour. He applied four alternative models which includes three linear programming models with different approaches to incorporate undesirable outputs. Dyson, et al. (2001) have also developed various methods of taking undesirable output into account. Scheel (2001) categorised different ways of dealing with undesirable outputs into direct and indirect approaches. The key indirect approaches to deal with undesirable output are as follows:
 Undesirable outputs are considered as inputs.  To transform undesirable output into desirable output, it is deducted from a large number.  The inverse of undesirable output is considered as a desirable one. This paper follows Seiford and Zhu (2002) to estimate the relative efficiency of textile processing units (DMUs) in Pakistan. Textile processing involves use of chemicals, bleach and dyes to print fabrics which results in high levels of water polluting factors as undesirable by-products like BOD (Biological Oxygen Demand) and COD (Chemical Oxygen Demand). This results in inefficient production and undesirable outputs which needs to be reduced to improve the efficiency and performance of DMUs. Seiford and Zhu (2002) use classification invariant property to justify the application of a standard DEA model that can be employed to improve the performance by increasing the desirable outputs and decreasing the undesirable outputs. This approach can also be applied in certain conditions such as a water pollution treatment plant, where increase in inputs can lead to improved performance. An important feature of the method is that it adopts and preserves the linearity and convexity of DEA.
Envelopment Models
The input oriented VRS envelopment model where the inputs are minimised and outputs are kept at their current levels is written as:
where as here DMUo represents one of the n DMUs under evaluation and xio and yro are the ith input and rth output for DMUo respectively. Since  = 1 is a feasible solution to
(1), the optimal value to (1) *  1. If  = 1 then the current input levels cannot be reduced (proportionally), indicating that DMUo is on the frontier. Otherwise, if *<1 then DMUo is dominated by the frontier. *represents the efficiency score (inputoriented) of DMUo.
The output oriented VRS envelopment model can be expressed as:
* represents the efficiency score (output-oriented) of DMUo. The above model can be calculated in a two stage process. * is first calculated by ignoring the slacks and then optimise the slacks by fixing the * in the following linear programming problem.
DMUo is efficient if and only if * = 1 and s i  *  s r   0 for all i and r. We can get the slacks through
It is to be noted that *  1 and * = 1 if and only if * = 1. This indicates that model 1 and model 3 above identify the same frontier.
Efficiency Invariance
Suppose that inputs and outputs are transformed tox ij = x ij + u i and y rj = y rj + v r , where u i and v r are nonnegative. Then the input-oriented VRS model become min - (s i  + s r + ) subject to
and output-oriented VRS model become
Generally, there are three categories of invariance under data transformation in DEA. The first one is "classification invariance" where the classifications of efficiencies and inefficiencies are invariant to the data transformation. The second category is the "ordering invariance" of the inefficient DMUs. The third one is the "solution invariance" in which the new DEA model after data transformation must be equivalent to the old one that is both mathematical programming problems must have exactly the same solution. Seiford and Zhu (2002) deal only with the classification invariance. 
Undesirable Outputs in DEA
It should be noted that (8) increases desirable outputs and decreases undesirable outputs.
Adapted from Seiford and Zhu (2002) . Figure 1 illustrates three approaches for treating the undesirable outputs. The input used by five DMUs (A, B, C, D and E) is equal to produce one desirable output (g) and one undesirable output (b). First, under the output oriented BCC model (25), the area OGCDEF is the conventional output set. If we treat the undesirable output as (b) an input, then ABCD becomes the BCC frontier. For the proper translation vector, we can rotate the output set at EF and obtain the symmetrical region. In this case, DMUs A, B, and C, which are, respectively, the adapted points of A, B and C, are efficient. Adapting from Seiford and Zhu (2002) , the envelopment model is applied in this paper with variable returns to scale (VRS) to the data of inputs and outputs for the year 2008 from textile processing units in Pakistan. The water pollution indicators, BOD5 and COD are taken as undesirable outputs, as commonly done in literature. This approach is mainly based on the use of DEA classification invariance under which classifications of efficiencies and inefficiencies are invariant to the data transformation. There are different possibilities to treat the undesirable outputs in the DEA-BCC framework. Here, three different approaches to deal with the undesirable outputs are being followed. First, the undesirable outputs are ignored. Second a linear monotone decreasing transformation is applied to the undesirable outputs and then adapted variables are viewed as outputs. Third, the undesirable outputs are treated as inputs.
Fig. 1. Treatment of Bad Outputs

DATA FOR ESTIMATION AND EFFICIENCY SCORES
The data set used in the estimation of efficiency consists of data from the year 2008 for 45 textile processing mills located in the vicinity of the Malir and Lyari rivers, which run across the Karachi industrial area and finally enter the Arabian Sea. The data were collected using a structured questionnaire for a field survey of textile processing mills. All textile processing units or DMUs have similar characteristics in terms of technology for both the production of fabric and waste treatment. The production process produces a desirable output (printed fabric) together with undesirable outputs like water pollutants: BOD5 and COD. Textile processing mills use capital, labour, fuel, raw material and chemicals as inputs to produce the printed fabrics. The quantity of these inputs, the desirable output and the undesirable outputs (BOD and COD) taken as average value for the year 2008, are shown in Table 1 . The water polluting firms in the industrial sector of Pakistan are required to meet the liquid effluent standards set for the pollutants (80mg/l for BOD and 150mg/l for COD) by the Pakistan EPA. Command-and-Control regulatory instruments are used to make firms comply with the standards. Very few firms in the sample have effluent treatment plants but some firms, as reported, are using process changes in production and input choices to achieve the effluent standards.
Estimation of Firms' Efficiency Scores
The efficiency scores of all DMUs are estimated by applying different quantitative models for performance evaluation and benchmarking. DEA Frontier software developed by Zhu (2008) uses Excel solver and does not set any limits on inputs and outputs. These are basically spread sheet models for the output oriented VRS envelopment model and undesirable measure model which are being applied to get estimations of efficiency scores. Table 2 gives the efficiency measures for each DMU or textile processing unit. Model I depicts the efficiency value or optimal value to the model when the undesirable outputs are ignored. The only output used in this model is printed fabric as a desirable output and pollutants, BOD and COD are not included. Model I shows that there are 13 efficient DMUs and the remaining 32 are inefficient when we ignore the undesirable output in the production process. The DEA model used for estimation of efficiency scores of DMUs (textile processing mills) is DEA classification invariance under which classifications of efficiencies and inefficiencies are invariant to the data transformation. The efficiency scores of DMUs obtained from Model II with the translation vector for increase in desirable output and decrease in undesirable outputs; show that 19 DMUs are efficient as compared to 13 in Model I. This clearly indicates that some producers do give consideration to the reduction in undesirable outputs or behave in socially desirable ways. It is also possible that some of the government environmental policies such as compliance to the national environmental quality standards are being followed by some DMUs which allocate some inputs for pollution control activities. As the second column in Table 2 indicates, most of the inefficient units Model I are less efficient compared to units in Model II. While several DMUs in Model II are inefficient, they are still producing under some pollution control policy or constraint. These results confirm the findings of Fare, et al. (1989) and Seiford and Zhu (2002) . Figure 2 shows the efficiency scores of DMUs Model II, as this model provides the more realistic scores to reveal the performance of DMUs with respect to performance measurement. 
Fig. 2. Estimated Efficiency Scores of Model II across DMUs
Model III gives the efficiency scores of DMUs when both undesirable outputs are treated as inputs. Although this does not reflect the reality of the production process, the results indicate that minimisation of inputs leads to better performance in terms of pollution abatement. However, from the efficiency scores of textile processing units in Pakistan, it is clearly evident that the majority of units in the textile processing industry are not very concerned about water pollution abatement. Existing government policies to control pollution are obviously not as effective as to make all producers comply with the environmental quality standards.
Constant Returns to Scale vs. Variable Returns to Scale in DEA
The concept of returns to scale is that it relates to the average product. Fried, et al. (2008) have explicitly dealt with the concept of returns to scale in production. An average product in a single input/single output case can be readily defined. Let a production unit have input level x and output y, then its average product is y/x. Returns to scale relate to how under efficient operation, average product would be effected by scale size. If the operation is not efficient, then changes in average product as scale size changes can be due both to changes in efficiency and to changes in scale size and it would not be possible to differentiate between the two. 
. Efficiency Scores of CRS Model and VRS Model
The estimated efficiency scores of textile processing mills using CRS model and VRS model, presented in Table 3 are shown in Figure 3 . The efficiency scores for CRS model are higher than VRS model for all mills. The results in Table 3 are consistent with the findings of Ahn, Charnes, and Cooper (1989) in that a point found to be efficient for the CCR Model (with constant returns to scale constraint) will also be efficient for the BCC model (with variable returns to scale assumption) whereas the converse is not necessarily true. All efficient DMUs 5, 9, 10, 11, 19, 20, 30, 32 and 40 in the CRS column are also efficient in the VRS column, but DMUs number 6, 13, 14, 18, 21, 25, 34, 41, 43 and 45 are only efficient in the VRS column. 
CONCLUSIONS
This paper estimates the relative efficiency of production of highly water polluting industry in Pakistan that is textile processing industry. Theoretical aspects of data envelopment analysis technique are being discussed which is employed to measure the relative efficiency of decision making units that uses several inputs to produce desirable and undesirable outputs. Modelling undesirable outputs in the efficiency valuations using the DEA framework is a comparatively new approach in the literature using the classification invariance property. In the context of BCC model, the classification invariance property is used and a linear monotonic decreasing transformation is applied to treat the undesirable outputs so that the output-oriented BCC model permits the expansion of desirable outputs and the contraction of undesirable outputs. Data on the inputs and outputs, including undesirable outputs, from 45 textile processing units in Pakistan for the year 2008 are used to empirically test three different models of efficiency measurement. The results of the analysis are consistent with those found in other studies. The efficiency score s of individual manufacturing firms confirm the fact that some of the producers are showing environmental consciousness may be due to regulatory measures in place but overall the situation is far from satisfactory. Effective measures and instruments are still needed to check the rising pollution levels in water resources discharged by textile processing industry of the country.
